ad- 4  5  2  1  7  7 

DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION  ALEXANDRIA.  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  government  or  Other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


CATALOGED  BY  DDC 


TECHNICAL  REPORT  NO.  3-664 

HELICOPTER  DOWNWASH  BLAST 
%  EFFECTS  STUDY 

M 

by 

|  G.  W.  Leese 


Sponsored  by 

U.  S.  Army  Transportation  Research  Command 


Conducted  by 

U.  S.  Army  Engineer  Waterways  Experiment  Station 
CORPS  OF  ENe?NEF.RS 


Vicksburg,  Mississippi 


TECHNICAL  REPORT  NO.  3.664 


HELICOPTER  DOWNWASH  BLAST 
EFFECTS  STUDY 

by 

G.  W,  Leete 


Oclobtr  1964 


Spomnfid  by 

U.  S.  Army  Transportation  Research  Command 


Ccnducl»d  by 

U.  S.  Army  Engineer  Waterways  Experiment  Station 

CORPS  OF  ENGINEERS 

Vicksburg,  Mtisissippi 


t»vr  VtC  V.'SSRlWi  WrSS 


Qualified  requesters  may  obtain  copies 
of  this  report  from  DDC. 


Destroy  this  report  when  it  is  no  longer  needed. 
Do  not*- return  it  to  the  originator. 


The  findings  of  this  :  eport  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position,  unless 
so  designated  by  other  authorized  documents. 


FOREWORD 


Hie  study  reported  herein  was  conducted  by  the  U.  8.  Army  Engineer 
Waterways  Experiment  Station  (WEB)  for  the  U,  3,  Anay  Transportation 
Research  Command.  Speoifio  authorisation  for  the  study  was  given  by 
ths  latter  organ! cation  in  first  indorsement  dated  7  November  i960  to 
WE9  letter  dated  27  September  I960,  subject,  "Proposal  for  Downwash 
Blast  Effects  Study." 


Plaid  testa  to  obtain  prototype  data  on  velocities  of  the  downvaeh 
bluet  of  various  types  of  operational  helicopters  were  conducted  at 
Fort  Rucker,  Ala,,  during  Maroh  and  June  196 1.  end  St  the  WS8  in  April  1962. 
Teste  with  small-scale  madel  rotor  blades  were  oondusted  in  the  fluyfiue 

~ar  !3s>  PIS'  during  fiscal  year*  ij&A  <u,u  3$&t,  No 
funde  were  available  for  teeting  durim  fteoeJ.  yesJ  i.063,  nhese  tesls 
were  conducted  by  personnel  of  the  WES  Soils  Division  under  the  supervision 
of  Messrs,  w.  J.  Turnbull,  W.  0.  Shockley,  A.  A.  Maxwell,  W.  L.  Hclnnis, 

0.  W,  Leeae,  and  P,  J.  Vedroe,  Jf,  Tills  report  vs z  prepared  by  Mr.  Ucse, 


Directors  of  the  WES  during  this  study  end  the  preparation  and  publi¬ 
cation  of  this  report  were  Col.  Edmund  H.  Lang,  Cl,  and  Col.  Ale*  0.  Sutton, 
Jr.,  Cfi.  Technical  Director  was  Mr.  J.  B.  Tiffany. 
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summary 


Experience  with  helicopters  has  shown  that  during  landing  or  takeoff 
over  duet-  or  snow-covered  areas,  the  downwaah  blast  from  the  helicopter 
rotors  produce*!  duet  or  snow  clouds  that  obscure  visibility  sufficiently 
to  cause  unsafe  operating  conditions,  Recirculation  of  the  dust-laden  air 
through  the  engine  can  damage  the  engine  and  shorten  its  life}  foreign  ob¬ 
jects  picked  up  by  the  downvash  can  damage  the  aircraft  and  even  cause  its 
failure  as  the  objects  are  ingested  in  the  engine  or  blown  against  the 
aircraft's  rotor. 


Field  tests  were  conducted  with  operational  helicopters  at  Fort 
Rucker,  Ala, ,  and  it  the  Waterways  Experiment  Station  to  deteriaias  dowowash 

tiLita:  Utllialn«  loale-model 

"were  laiir~al  the  over  wet  a.-4  dry  a«;,4t  ai.4  a  dry_l«aiii  clay,- and  over  a-^ 
chemically  etaMlised  soil-plastic  sol  Is,  and  lightweight 

ground  covers  (membrane*)  to  determine  model -scale  velocity  profiler  and 
air  velocities  at  the  ground  surface  required  to  dislodge  and  move  parti¬ 
cles  of  various  types  of  soil,  the  size  of  soil  area  requiring  protection 
for  various  VTOL  aircraft,  and  the  effect! veneae  of  membranes  and  soil 
stabilisation  in  preventing  duet-cloud  formation , 


■  .  Based  on  results  obtained  In  this  investigation,  the  following 

conclusions  ara  balieved  warranted i 


a.  The  downwaah  velocities  along  the  ground  surface  cause . . 

. -  "Soil-particle  pickup,  and  dust  hazard  conditions  will  de¬ 
velop  if  these  velocities  exceed  1200  fpm  over  fine  dry 
sand  end  1800  fpm  over  dust-size  particles  of  lean  clay. 

b.  Lightweight  ground  covers  can  alleviate  dust  In  the  landing 
”  and  takeoff  area  of  helicopters,  A  vertical  lip  around  the 

edge  of  the  membrane  will  reduce  the  size  of  membrane 
section  needed. 


c.  Certain  soil  stabilizers  will  alleviate  dutfc  formation 
under  rotary-wing  aircraft. 


d.  Tests  to  correlate  model  and  prototype  data  produced  limited 
results.  They  indicated  the  need  for  more  accurate  measure¬ 
ment  of  prototype  data  for  each  aircraft  in  order  to  analyze 
completely  the  various  parameters  involved  in  scaling  and  to 
establish  those  of  paramount  importance,  so  that  small-scale 
tests  can  be  used  to  predict" downwash  blast  effects  of 
full-scale  aircraft. 

It  is  recommended  that  additional  tests  be  conducted  with  larger 
diameter  model  propellers  and  with  prototype  aircraft  under  rigidly  con¬ 
trolled  conditions  of  position  and  weight  in  order  to  establish  model-to- 
prototype  prediction  curves  or  equations,  or  both.  Studies  should  also  be 
continued  to  determine  the  factors  involved  in  initial  soil-particle  pickup 
and  the  velocities  that  cause  pickup  of  various  soils  in  order  to  predict 
the  area  protection  required  for  various  helicopters. 
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HELICOPTER  D0WNWA3H  BLAST  EFFECTS  STUDY 


PART  I:  INTRODUCTION 


Background 


1.  Hie  operation  of  helicopters  and  VTOL* -type  aircraft  from 
unprotected  soil  surfaces  presents  certain  safety  and  concealment  problems 
which  are  unique  to  these  typos  of  aircraft.  Experience  with  helicopters 
has  shown  that  during  landing  or  takeoff  over  dust-  or  snow-covered  areas, 
the  downwash  blast  from  the  helicopter  rotors  produces  dust  or  snow  clouds 
that  obscure  visibility  sufficiently  to  cause  unsafe  operating  conditions. 
Recirculation  of  the  dust-laden  air  through  the  engine  can  damage  Lhe 
engine  and  ahorten  engine  life;  foreign  objects  picked  up  by  the  downwash 
can  damage  the  aircraft  and  even  cause  Its  failure  an  the  objects  are  in¬ 
gested  iri  the  engine  or  blown  against  the  aircraft's  rotor.  Hi  nee  heli¬ 
copters  and  VTOL  aircraft  are  to  be  ubccI  tactically  in  Bupport  of  forward 
ground  operations,  dust  cc.-.trol  is  sIbo  desirable  for  camouflage  and 
concealment  purposes. 

2.  The  downw&sh  blast  of  suah  aircraft  varies  widely  in  velocity, 

tsass  flow,  and  tempera  tun.*.  Bit  blast  originates  at  various  heights  above 
the  ground  and  If  directed  toward  the  ground  surface  at  various  angles;  it 
is  generated  by  .multiple-  as  well  t»,i  single* rotor  hirrraft,  generally,  the 
downwash-blaet  characteristics  of  any  aircraft  ore  known  or  can  be  esti¬ 
mated  with  reasonable  accuracy.  Hence,  this  study  was  undertaken  to  pro¬ 
vide  basic  data  on  the  effects  of  thu  flow  of  downw&sh  blasts  on  various 
surfaces  under  a  range  of  conditions. 

Purpose  and  3cope 


Purpose 

3.  The  original  purpose  of  this  study  was  to  develop  moans  of  pre¬ 
dicting  the  effect  of  downwash  blast  from  helicopters  and  other  VTOL  air¬ 
craft  on  surface  soils,  ground-protection  materials,  vegetation,  structures, 
or  free  objects  over  which  the  aircraft  might  be  required  to  operate.  How¬ 
ever,  it  was  requested  early  in  the  study  that  the  scope  be  limited  specif¬ 
ically  to:  (a)  determination  of  the  feasibility  of  using  lightweight 
ground  covering  under  VTOL  aircraft  to  prevent  soil  erosion,  duct  cloud 


»■  Vortical  take off  and  landing. 
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formation,  etc.;  (b)  determination  of  the  areal  extent  of  ground  protection 
needed  and  possible  means  of  reducing  the  areal  extent  of  such  protection; 
(c)  limited  investigations  of  soil-stabilization  measures  for  controlling 
dust  during  aircraft  operations;  and  (d)  correlation  of  daba  from  protouype 
and  model  studies. 


Scope 

1)..  Field  tests  were  conducted  with  operational  helicopters  at 
Fort  Rucker,  Ala.,  and  at  the  Waterways  Experiment  Station  (WES)  to  deter¬ 
mine  downwash  velocity  profiles.  Tests  utilizing  scale-model  rotor  blades 
were  then'  made  at  the  WES  over  sand  and  clay  soils,  a  chemically  stabi¬ 
lized  soil,  plastic-impregnated  soils,  and  lightweight  ground  covers  to 
determine  model-scale  velocity  profiles  and  air  velocities  at  the  ground 
surface  required  to  dislodge  and  move  particles  of  the  various  types  of 
soils  tested,  as  well  as  the  effectiveness  of  the  stabilized  soils  and 
membrane . 


Definition  of  Terms  and  Symbols 

5.  For  clarity,  the  meanings  of  certain  terms  and  symbols  used  in 
this  report  are  defined  below. 

Disc  loading  The  total  thrust  on  the  rotor  shaft  divided  by 

the  projected  rotor  disc  area 

Propeller  A  device  having  two  or  more  blades  which,  when 

mounted  on  a  power -driven  shaft,  produces  a 
thrust  by  its  action  on  the  air 

Static  pressure  The  force  per  unit  area  excited  by  a  fluid  on  a 

surface  at  rest  relative  to  the  fluid 

Total  pressure  The  static  pressure  that  would  be  obtained 
(also  called  if  the  flow  could  be  brought  to  a  state  of 
stagnation  rest  isentropically 

pressure ) 

D  Rotor  diameter,  ft 

h  Vertical  height  of  sensing  element  above  ground 

surface,  ft 

K  Classic  symbol  for  constant 
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Static  pressure,  lb  per  so  ft 

Dynamic  pressure,  lb  per  sq  ft 

Jet  mean  dynamic  pressure  (qm  =  w/2  for 
duc.ted-fan  propeller  and  ^  =  W  for  open 
propeller),  lb  per  sq  ft 

D/2,  ft 

Total  thrust,  lb 
Velocity,  fps 

Disc  loading  (T/propeller  disc  area), 
lb  per  sq  ft 

Horizontal  distance  measured  on  the  ground 
plane  from  a  point  directly  beneath  the  center 
of  the  propeller  hub,  ft 

Vertical  distance  from  the  ground  surface  to 
center  of  propeller  hub,  ft 


PAPT  II:  TEST  EQUIPMENT  AND  INSTRUMENTATION 


Equipment  Used  in  Model  Tests 


Truck-mounted  test  rig 

6.  The  basic  test  rig  used  in  the  scale -model  tests  was  made 
available  to  the  WES  for  these  studies  by  the  U.  S.  Army  Transportation 
Research  Command.  It  consisted  of  a  truck-mounted,  l4-l/2-ft-long 
parallelogram  >  'm  at  the  outer  end  of  which  was  a  128-hp  engine ,  a 
[5-speed  gearbox,  and  a  propeller  hub  assembly  for  attachment  of  ducted 
fans  and  open,  multibladed  propellers.  The  rig  was  mounted  on  the  bed  of 
a  U.  S.  Army  Model  M54,  5-ton,  6x6  cargo  truck  with  a  front-mounted 
winch  (see  fig.  1).  The  gearbox  provided  input-to-output  ratios  of  1:1, 
1.48:1,  2 . 40 : 1 ,  4.38:1,  and  7*58:1-  The  output  shaft  from  the  gearbox  was 
attached  to  a  right-angle  drive  with  an  input -to -output  ratio  of  1:2.69. 
The  height  of  the  propeller  hub  above  the  ground  was  controlled  by  raising 
or  lowering  the  parallelogram  boom  assembly  with  the  winch  cable  of  the 
truck.  This  height  could  be  varied  from  6  in.  to  l4-l/2  ft.  An  electric 
starter,  an  electric  throttle  actuator,  and  a  remote  control  for  the 
engine  clutch  were  located  in  an  operator's  remote -control  panel. 


Fig.  1.  Truck-mounted  test  rig 


Ducted-fan  assembly 

?.  The  ducted-fan  assembly  consisted  of  a  3 -ft- long  duct,  a  2-ft- 
diam  propeller  with  adjustable  propeller  hub,  and  a  set  of  straightening 
vaneo  designed  to  remove  the  swirl  from  the  exiting  airstream  (see  fig.  2). 
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Pip,  2.  bUs3tC-<l-rfttt  ttj4*4#m1.Tv 

Th«  uwct  cooaintoa  of  u  lamina  tea  cylinder  of  sugar  pine  with  a  icimiiseaLu 
inlet;  the  and  the  straight*  hi  fit?  vonw  were  luuuU-d  near  fcho  twit, 

flie  ■■iinilu-rotution  propeller  consisted  of  six  3-in* -chord,  HAF-6,  airfoil 
section  blades  machined  fro®  aluminum-alloy  forgings*.  Wse  blades  were 
mounted  in,  a  split  hub  that  allowed  the  pitch  of  the  blndea  to  be  mu  mildly 
adjusted.  The  five  etruighteriingvaneo  were  mounted  just  below  the  pro¬ 
peller*  Hie  duet  oao^mbly  was  mounted  on  a  main  support  shaft  by  meana  of 
a  welded,  tubular -eleel.  support.  ,!ftw  inlet  of  the  duct  assembly  wan 
covered  with  o  -mesh  screen  to  prevent  solid  objects  from  fulling 

into  the  duct.  At  a  speed  of  8000  rpm,  a  thrust  of  J«o8  lb  could  be  de¬ 
veloped  with  the  propeller-blade  tips  set  at  an  angle  of  IT *7  dor. 


Propellers 


ii.  1  Fi.ve-f t-diam  propellers  with  two,  three,  four,  and  Five  blades 
were  used  in  the  study* .  The  blades  were  constructed  of  wrapped  aluminum- 
alloy  sheet  to  form  an  MACA  0012,  constant-chon'd  {b-Tt  in,),  airfoil  sec¬ 
tion.  The  two-  and  three-bladcd  propellers  (fir.  3)  Weio  Mounted  in  rigid 
bubs  with  the  blade  angles  of  each  selected  to  produce  the  same  ihrus1- 
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_ -fig...  Ju — Jfropellarn » -60  in.  in  diameter  -  —  Lin 

versus  moWMfflM  per  adnifW  durv#7— The  hubs  oT  the  four-  and  fWM-blqjfcd 
propellent  were  «plit  to  permit  vary! nr  the  pitch  angles. 

9<  A  20- In. -dlasi,  threc-bladcd  propeller,  also  used  in  the  tesla , 

Wtutt  MmiiM  on  (.lie  irlwrt  oT  ft  J'JCiO-rpm  clwirlc  twlw  (#w  fig,  i)  and  on 
the  shaft;,  of  ft  varl!iM?»«|Wc;l  -  cleetrlo  motor.—  -Ths-  propeller  was  wade  of 
east  ftluttilttwi  the  pitch  of  the  blades  vurlel  with  the  radius • 

,flinr‘  neiftipd  thniet-  or  th*»  ■  propel  ter  ar-  thr*  sHnnf*  i)*»?  3?00"rp»  motor 
was  l1*  lb,  or  #  disc  loading  of-6,88-lb-pei,-*|  f-ftf disc  tnwlitf!*.  with  • 
the  v.nriehX«>«p9*.d  motor  varied  between -  0,5- flirt  Bit  lb  j»r  sq  ft. 

10.  met  dfc-in.-dian,  six-bl&dcd  propeller  used  in  the  ducted-fan 
aeeemtoly  described  In  paragraph  - 7  was  removed  from  the.  test  rig  and  adapted 
to  a  variable-speed,  electric-motor  drive  (fig.  5).  'fhe  blades  were  set  at 
a  17-deg  pitch}  the  disc  loadings  varied  from  Q.38  to  lb . h  lb  per  ®q  ft. 

■II*  Soil-particle  traps  were  used  to  catch  the  air-blown  soil  during 
tests  of  soil-particle  movement  in  order  Ic  determine  the  amount  of  soil 
movement  caused  by  the  downwash  blast  from  the  propeller.  The  coil  trap 
consisted  of  eight,  li-in.-high  by  ^i-in.-wide,  6-in.*dcop  compzir  Intents  j  one 
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H  r*  i  r>  i  PrOpslltd'j  ZtU  lib  ■  Tr  !  rin 

vtu'itible-apoed  electric  no  Lor 

a 

abovn  the  other.  Each  compartment  could  be  emptied  individually  to  d«- 
temiiu®  weight  end  particle  aiste  of  the  eell  collected  at  various  height® 
above  the  soil  surface. 


Instrumentation - 


12.  The  instrumentation  utilised  in  this  study  was  in  general  that 
Installed  in  the  Surface  Effects  Blast  Facility  of  the  WES.'  Basic  elec¬ 
trical  recording  equipment  consisted  of  commercially  available  amplifiers 
power  supplies,  magnetic  tapes,  and  an  oscillograph;  since  these  are  com¬ 
monly  used  data-rseording  devices,  they  are  not  described  here.  Trans¬ 
ducers  to  penal t  continuous  electrical  recording  of  test  phenomena  were 
developed  as  needed.  Other  devices  used  to  obtain  data  or  operate  test 
equipment  under  known  ponuactere  are  described  below. 


T.v"  A Lc i  „  li .. nij  [oiu-UU  X  tUijTS 

13.  An  eknUroui-  ■  aehoiaetor  war.  usc-4  to  do  term!  no  accurately  the 
revolutions  per  minnl..-  of  the  jauII-s.j&Iv  propeller .  A  phot  self  'trio  cell 
was  mounted  on  the  propel  lor  shaft  hoiir i n,'  adjacent  to  a  directed  light 
source,  This  phoLoel.ee  trie  cell  rc-nsed  intermittent  reflee  tea  light  from 

the  propeller  drive  shaft,  which  was  painted  black  and  white.  This _  _ 

Arrangement  made-possible  the  correlation  of  revolutions  per  minute  with 
thrust ■  « 

■1 

14,  A  tachometer  was  also  used  on  the  variable-speed  drive  of  the 
electric  motor  to  determine  revolutions  per  minute  of  tho  drive  shaft. 

This  Instrument  conaisL&d  of  a  60-tooth  spur  gear  and  a  magnetic  proximity- 
pickup  transducer.  A  pulse  was  picked  up  each  time  a  gear  tooth  passed 
the  proximity-pickup  transducer]  these  pulses  were  counted  by  an  electronic 
counter  to  determine  the  revolutions  per  minute  of  the  drive  shaft.,  Thus, 
calibration  of  the  propellers  was  obtained  as  revolutions  per  minute  versus 
thrust. 


Instruments  used  in  both 
model  and  prototype  testa 


15,  Pressure  sensors .  Pressure  sensor*  used  in  the  study  to  mea» 

,  bJrcmft- 

type  pltot  tubee,  fabrioatad-pitottube*  constructed  of  concentric  metal 
tubing,  and  single  brass  tubes.  The  pitot  tubas  measured  both  total 
pressures  and  static  pressures]  the  single  tubes  measured  either  total 
pressure  or  static  pressure,,  depending  on  their  fabrication.  Th*  U*b*8 
were  connected  to  either  electrical  indicating  devices  or  manometers  for 
recording  measured  static  and  total  pressures.  One  arrangement  of  the 
pressure  sensors  is  shown  in  fig,  4,  page  15 ■ 


16,  Manometer  panel.  Hie  manometer  panel  consisted  of  34  inclined 
glass  tubes  with  a  suitable  scale  attached.  Colored  vegetable  dye-  was 
used  in  the  manometer  fluid  to  allow  photographs  to  be  taken  showing  the 
fluid  level.  A  4x5  camera  mounted  above  the  panelboard  made  it  pos¬ 
sible  to  photograph  all  the  manometer  tubes  at  once]  thus,  all  readings 
were  recorded  at  the  same  instant.  By  using  Polaroid  film,  the  records 
could  be  read  within  a  short  time  after  they  were  taken. 

17.  Pitot  tube  electrical  bellows  unit.  It  was  desired  early  in 
the  study  to  obtain  continuous  recordings  of  surface  air  velocities  with 
a  time  base.  To  do  this;),  a  system  was  designed  whereby  a  mechanical 
motion  was  translated  to  an  electrical  potential  (representing  the  air 
velocity)  and  the  change  in  potential  wac  recorded  by  an  oscillograph. 

The  mechanical  motion  device  consisted  of  a  small  bellows  unit  from  tu> 
aircraft  airspeed  indicator  mounted  inside  a  sealed  container  with  a 


/ 
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differential  Lranaf<*»ier./I  One  end  of  Oie.lelltvs  unlit  was  fixed  to  tl.e 
container,  with  the-  opposite  end  free  to  move.  A  small  iron  core  was 
attached  to  ftl(e  free  end  of  the  bellows  unit  and  suspended  inside  the  dif¬ 
ferent!  til  transformer  that  was  also  secured  to  the  euntainer.  The  total 
pressure  was  admitted  through  tuning  to  the  inside  of  the  bellows  unit, 
and  the  static  pressure  from  the  pitot  tube  was  admitted  to  the  sealed 
-container-  (outside  the  -bellows-  unit) : —  ft-5"tr«e_'S  i  r  re  loci  ties  "increased, 
the  pressure  inside  the  bellows  unit  increased  and  caused  the  bellows 
unit  to  lengthen;  this  moved  the  iron  core  within  the  differential 
transformer,  causing  an  electrical  potential  charge  within  the  trans¬ 
former  which  was  recorded  by  the  oscillograph.  Through  pretest  cali¬ 
brations,  the  pressure  change  could  be  determined  from  the  oscillograph 
record.  This  arrangement  made  possible  continuous  recording  of  the  down- 
wash  blast  velocities  at  several  points  over  a  period  of  time.  Since  the 
unit  measured  the  dynamic  pressure,  which  is  the  difference  between  the 
stagnation  and  the  static  pressures,  the  velocity  of  the  airatream  could 
be  computed. 

lG.  Hot-wire  anemometers .  The  hot-wire  anemometer®  used  to  measure 
air  velocity  consisted  of  a  short  length  of  platinum  wire  that  was  heated 
by  an  electric  current.  The  resistance  to  flow  of  electricity  through  the 
wire  was  a  function  of  its  temperature.  Bius,  &a  air  flowed  around  the 
wire,  coolingit,  ila  resistance  changed,  and  this  changt  was  recorded  on 
jsn -electric -meter'.— Star  ssrctiiwous 

by  placing  the  hot  wire  in  m  airstreem  of  known  velocity  and  reoordlng  the 
output  signal  or.  an  oscillograph. 


I 

i 


18 


i 


tr  s  'r;  ,V 
£i  '.  •  ■  - 

.  •  ;..  '  '  •  f  ‘ 


PART  XU; 


PROTOTYPE  TESTS  AND  RESULTS 


10-  Prototype  tests  were  conducted  at  Fort  Rucker,  Ala.,  in  March 
and  June  1961  and  at  the  VIES  in  April  1962.  The  purpose  of  the  full-scale 
tests  was  to  determine  downwash  blast  velocities  beneath  the  helicopters 
and  along  the  ground  surface  during  normal  takeoff  and  landing  operations 
for  correlation  with  velocities  to  be  determined  in  model-scale  rotary-wing 
tests.  The  H-13,  H-U1A,  H-21,  H-3^j  and  H-37  helicopters  were  utilized  in 
these  tests . 


Tests 


Fort  Rucker 

20.  In  the  tests  conducted  at  Fort  Rucker,  downwash  blast  velocities 
were  measured  both  above  and  along  the  ground  surface.  The  tests  were  con¬ 
ducted  on  a  helicopter  landing  pad  (fig.  6)  constructed  on  a  bare  area  over 
which  a  membrane  ground  cover  had  been  placed.  The  membrane,  which  gave  a 
relatively  smooth  surface  for  the  tests,  was  No.  8  cotton-duck  material 
coated  on  both  sides  with  vinyl. 

21.  In  the  tests  conducted  in  March  1961,  the  downwash  velocities 
along  the  ground  surface  were  determined  by  placing  the  pitot  tube  bellows 
units  along  a  line  starting  near  the  point  of  touchdown  of  the  aircraft. 

The  unit  placed  nearest  the  touchdown  point  measured  vertical  velocities 

1  ft  above  the  landing-pad  surface.  Similar  units  placed  10  and  20  ft  from 
the  first  unit  measured  both  vertical  and  horizontal  downblast  velocities. 
At  10-ft  intervals  on  a  staggered  line  beyond  this,  hot-wire  anemometers 
were  placed  to  determine  the  decay  of  surface  velocity  with  distance. 

Plate  1  shows  the  test  area  layout  for  these  tests.  Each  of  the  five 
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Fig.  7-  H-21  helicopter  landing  on  Fort  Rucker  test  area 


helicopters  was  landed  in  such  manner  that  the  center  of  its  rotor  was  at  a 
known  distance  from  the  first  prohe.  Downblast  velocities  were  recorded 
continuously  during  the  landing-and-takeoff  cycle.  Two  landing-and-takeoff 
cycles  were  made  with  each  type  of  helicopter,  one  cycle  with  the  fuselage 
axis  parallel  to  the  line  of  anemometers  and  one  with  the  axis  normal  to  it. 
The  dual-rotor  H-21  was  landed  several  times  so  that  the  effects  of  a 
single  rotor  and  the  combination  of  both  rotors  could  be  observed  (see 
fig.  T). 

22.  In  the  June  1961  tests,  the  downwash  velocities  above  the  ground 
were  determined  by  the  electrical  bellows  velocity  pickups  supported  on  a 
frame  which  positioned  them  at  given  points  above  the  ground  surface.  The 
three  helicopters  used  in  these  tests  (the  H-21,  H-3^,  and  H-37)  were 
landed  at  various  distances  from  the  pickups  so  that  a  vertical  velocity 
profile  could  be  obtained  at  given  distances  from  the  rotor  blades. 


WES 


23.  The  purpose  of  the  tests  at  the  WES  was  to  obtain  additional 
velocity  data  in  the  boundary  layer  (the  layer  of  air  adjacent  to  the 
ground  surface)  of  downblast  from  a  full-scale  helicopter.  A  temporary 
landing  pad  wa.s  constructed  of  steel  blast  panels  placed  over  a  leveled 
area,  with  a  cloth  membrane  placed  over  the  panels  to  provide  a  smooth 
surface.  Several  pitot  tubes  were  placed  at  selected  locations  on  the 
surface  of  the  temporary  landing  pad.  The  heights  of  the  pitot  tubes 
varied  between  l/l6  and  30  in.  The  helicopter  utilized  was  an  H-13*  Mea¬ 
surements  were  taken  with  the  helicopter  rotor  at  several  heights,  ranging 
from  12  to  50  ft,  above  the  surface  and  at  distances  of  75;  52-l/2,  35; 
and  17-1/2  ft  from  the  pitot  tubes.  Test  data  were  recorded  by  photo¬ 
graphing  the  inclined  manometer  panel  and  reducing  the  pressure  readings 
to  velocity  data. 


2C 
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Fort  Ruckei-  ff-ijn 


lo  bb  *'*  7*°  l?*'3  18  01  *wt  Rucker  produced  data  which  swear 

-  ertJier'ias'Tui-huLnt^or06' 1!^7Uh: ^  auwblas^flow_a;ioftt“tiie_B,,OTOl^uTT&ne^ 
a  horizontal  Diane  nnv?°Ved  in„an  oscj  Hating  or  wavy  notion  and  not  in 
thc  »,(□».-,],  1061  t  '  Maximum  surface  horizontal  velocities  recorded  during 

w^re  t  fo not;?  *  **  '**  he^P^8  wero  landing  and 


Hellaopter 


H-U1A 

H-l? 

H-ai 

H-34 

H-37 


Maximum 
Velocity ,  fpm 

3000 
1700 

3500 . 


3800 

5200 


rotor  -abaft  gant»rl*r^ 


— ,M-^=z  utj.-n J  L^.a^rv^:=^=i3tn- - r.-u..-^  ii  1  1  1  TT-r-r^w=n. 
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H“37  Helicopter.  Tg^ft-Uam  Rotor 
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H-34  Helicopter,  56.ft°diam  Rotor 
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(Continued) 


Distance  from 
lltotor'  Center 
LI  tie  ^  ft 


Rotor  llori  ,ontal  Velocities,  f  pm ,  at 

lleiriil  fmdlcated  Heights  Above  ground 

fL  IS  in.  sC  Lit.  ^4  in.  50  in. 


H-21  H<  llcopier,  hb-.ft-dioro  Rotor 
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Hole:  Velocities  shown  for  the  dual-rotor  H-21  were  measured 
below  the  front  rotor* 

The  port  ion . of  the  above-tabulated  data  representing  a  distance  of  about 
one  rotor. 'dinsw-trr  from'  center  of  rotor  is  plotted  in  plate  2,  The  shape 

of  the  lower  part  of  the  curves  Is  estimated.  The  exact  shape  of  the 
velocity  profile  for  prototype  data  through  the  boundary  layer  ie  not  well 

deflhml 'alive  ..sufficient  prototype  data  were  not  available  in  this  area, 


WEB  test# 


<3j.  Data  obtained  in  the  WKJ  testa  with  the  H-lji  helicopter  are 
plotted  in  plater.  3,  k.  a»4  5,  «Hioh  shortlist  hwIe*  dswablast  velee* 

tiles ,  2100  to  2f>oo  Ppm,  on  marred  about  cane  rotor  diameter  horizontally _ 

from  the  rotor  center  line.  Also,  data  obtained  very  close  to  the  ground 
surface  (within  1  in.)  indicated  velocities  sufficient  to  create  large 
dust  clouds,  with  the  upper-air  (1  to  8  in.  above  ground  surface)  veloc¬ 
ities  being  strong  enough  to  distribute  the  disturbed  soil  particles  over 
a  large  area. 


27*  It  should  be  remembered  that  the  Fort  Rucker  and  WES  prototype 
tecta  were  conducted  with  free-flying  aircraft,  and  all  distances  and 
heights  were  approximated,  by  dighbj  thus  inaccuracies  are  contained  in 
the  data.  Also,  instrumentation  error  was  caused  by  natural  winds  blowing 
at  irregular  velocities  across  the  test  area. 
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PAiiT  IV:  TESTS 


Correlat  ion  Stud  Leo 


' — U’he—CorrelatiQn-phssg-of— the  atud.v  const sted~~r»f~iiTATryy>lfiY."jniir~ 

in  oh  lir>  .1  _  n  a  4  A#.  " 


downwash  velocity  profile  data  of  the  20-  and  6o-in.-diam  propellero,  and 
developing  a  prediction  curve  for  model-to-prototype  correlation.  Velocity 
profile  data  of  the  various  propellers  were  obtained  by  placing  the  pitot 
tubes  at  various  heights  above  the  ground  surface  and  at  various  valu<M>’  of 
nD  i/n  8  the  propellerR  developed  various  disc  loadings  at  various  values 
of  E/D ,  the  dynamic  pressures  and  etatia  pressures  wore  recorded  by  pho¬ 
tographing  the  manometer  board  ana  the  dowiwnsh  velocities  were  computed. 
These  data  wore  used  to  determine  the  boundary-layer  conditions  as  well  as 
the  velocity  profiles,  fig,  k  (page  15)  shows  one  teat  eetup  using  the 
^Q-in.-dlam  propeller  and  pitot  tubes  placed  at  various  heights,1 


Velocity  profiles  « 

29*  A  aeries  of  testa  was  conducted  in  which  various  x/d  and  Z/d 
_ _ — . — values  were  used  wltfa  ths^SQ-ln . -diem  propel* #|>t — Then  with  similar — x/V - — — —---Sr 


- - -  ■  ■  -  — - .  ...  rr  ftivu  iriJT7  ■'-tls—  ppj  ,  J7T\7* 

x  «*•  wwinurn  deflection  on  the  manometer  panel  equaled  the 
spending  ass-sus  ..cfVsstiGe  vJ»  uni  manometer  panel  for  the  20-In.- 

4w*E5Q?ell?r‘  fata  obt*lRed  »t  S/D  -  0,675  and  x/d  *  1.0  ere 

in  Plate  6,  Data  obtained  at  other  z/d  and  x/D  values  eorre- 

a  mif  j.  i'  E?  ^!°*i2cdlB*  ror  thi  &0-in,-di«a  propeller  was 
9.05  lb  per  *q  ft,  while  that  for  the  20-in. -diaa  propeller  was  6.88  3b 

per  eq  ft.  It  is  interesting  to  not#  in  this  case  that  the  ratio  of  the 
th*  pr?l?fl;U<U‘  Alters  and  the  ratio  of  the  squares  of  - 
E.*._ .  ^°ddings  are  the  ecuae.  If  this  relation  holde  true,  model-to- 
prototm  scaling  becomes  a  function  of  disc  loadings  and  rotor  diameters 
os  indicated  by  the  following  relation! _  _ ^  . 


Solving  for  W_  . 

B 


m 


u) 
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II 


I 


II 


whero 


W 

P 


-  prototype  dviae  loading 


W  =  Eodfcl  disc  loading  . 
n> 


- D^— 2- prototype  roLor-dlsnieter - 

-  =  model  rotor  diameter 

m 

Additional  data  ore  needed  for  further  study  of  mode 1 - to -prototype 
correlation. 


30.  Ground-surface  dust  1b  disturbed  by  the  layor  of  moving  air 
immediately  adjacent  to  the  ground.  It  was  seen  from  the  velocity  pro¬ 
file®  that  the  velocity  of  the  boundary  layer  of  air  adjacent  to  the 
ground  surface  was  slightly  less  than  that  of  the  layer  Just  above  it) 
thus,  it  is  easily  seen  that  once  the  dust  particles  are  lifted  off  the 
ground,  they  will  be  quickly  blown  into  the  surrounding  area,  Therefor©, 
maximum  downwash  velocity  is  not  too  important  in  initiating  dust;  It  Is 

the  upper  layers  of  higher  velocity  air  whioh  distribute  it  over  a  wide 
area.  • 


31*  Data  from  testa  utilising  the  24-Ihi  .-diam  ducted  fan  were  ob¬ 
tained  at  various  values  of  x/D  and  under  several  diao  loads  and  Z/D 
values,  the  objective  of  the  tests  being  to  gather  sufficient  data  with  - 
which  to  develop  curves  and  equations  that  would  assist  in  determining  the 
boundary-layer  air  velocity  when  related  to  given  z/d  and  x/B  ratios. 
These  data  are  plotted  in  plate  7  as  disc  loading  in  pounds  per  square  foot 
versua  velocity  in  feet  per  second.  Assuming  that 

plate  7  have  the  same  slope,  the  equation  of  each  curve  becomes! - — 

~”I~~  \m  0,00193  V2  (Z/D  »  0.5) 

W2  -  0.00252  V2  (Z/D  »  1.0) 

W3  «  0.00295  V2  (Z/D  *  2.0) 

Taking  the  three  above -stated,  equations  of  the  form  W  -  KV2  and  ex¬ 
pressing  X  at*  a  function  of  Z/D  ,  the  general  equation  form  will  be 

K  »  a  +  (Z/D) b  +  (z/D)Z 

Substituting  and  solving,  it  is  found  that: 


2h 


O.OOI93  »  a  +  0.5b  +  Q.25c 
0.00252  a  a  +  b  +  c 

0 . 00295  ~  a  >  2b  +  4c 


a  »  0.00109" 

.  -  /C  -  b  .  0.00193 

/  _ 

't  »  -0.0005 

so  that  K  *  0.00109  +  (a/D)  0.00353  -  (Z/d)2  0.0005 
and  W  »  [10,9  +  19.3  (z/d)  -  5  (z/d)2]  10"**  •  V2  (2) 


By  similar  computation  and  expressing  K  m  a  funotlon  of  X/R  , 

W  «  [3.66T  x  10“4  (x/r)2  +  46.33  x  10-5  (x/r)  -  (27.4  k  10-5)]/ 


(3) 


32.  though  these  squat ions  were  based  on  results  of  tests  with  the 
24-in. -dlam  ducted  fan,  results  of  tests  with  the  24-in, -diam  open-bladed 
. g  '  propeller  compare  favorably,  as  can  b«  assn  in  plate  8. 


cnnrpg  c 


imputed  by  ienrm~pf  cqnaticm 


-plotted  for  X/B  *  S  and  s/D  *  0*5  sod  1.0 


Prediction  of  velocities  lnl* 
tlatlna  soil-particle  movement 


33*  Various  materials  are  available  to  preclude  the  dust  clouds  that 
—  are  detrimental  to  helicopter  operations,  among  which  are  membranes, — ; — 
landing  mats,  chemicals,  and  plastics,  Howevsr,  because  of  the  difficulty 
of  transporting  large  quantities  of  any  of  these  materials  to  forward  land- 
■  lng  areas,  the  area  to  be  oovered  should  be  as  small  aa  possible  for  each 
- - typs^drerafth— — — - - - - — — - - - - — — — — : — 


34.  To  determine  the  minimum  area  of  protection  required  for  various 
pOL  aircraft,  a  prediction  curve  vac  developed  from  data  obtained  for  the 
60-in.~diaa  propellers.  This  curve,  shown  In  plats  9,  represents  measured 
dynamic  pressure,  q  }  divided  by" the  Jet  mean  dynamic  pressure,  q_", 
plotted  against  the  radial  distance,  X  ,  divided  by  the  propeller  radius, 

R  .  As  an  example  of  use  of  the  curve,  the  test  data  indicate  that  the 
minimum  velocity  that  will  produce  appreciable  movement  of  fine  sand  Is 
about  1750  ipm.  The  dynamic  pressure,  q  ,  for  this  velocity  is  1.01  lb 
psr  sq  ft,  and  the  maximum  rated  disc  loading  (W  =  qm  for  open  propellers) 
for  an  overload  mission  for  the  H-13  helicopter  is  2.59  lb  per  aq  ft, 
giving  a  q/q^  ratio  of  0.39 •  Prom  the  curve,  a  q/^  ratio  of  0.39 


indicates  an  x/r  ratio  of  about  3.3,  Since  the  R-13  has  a  propeller 
radius  of  1Y.55  ft,  the  indicated  extent  of  ground  cover  required  to  pre¬ 
vent  movement  of  find  sand  by  this  aircraft  would  be  a  circle  about  112  ft 
in  uiaaotcr.  It  is  emphasised  that  the  curve  in  plate  9  is  based  on  model 
oest  data  and  has  not  been  checked  against  full-scale  test  data. 


Soil  ?-fovementr and  Stabilisation  fitudW 


Soil  movement  velooitjeg 


35«  To  determine  the  dovnwaah  velocities  that  cause  duet-cloud 
formation ,  studies  were  made  using  the  fiO-in.-ditun  propellers  to  deter-  ' 

mine  the  miniontB  air  velocity  at  the  soil  surface  that  causes  soil  move¬ 
ment  sufficient  to  reduce  visibility.  For  these  tests,  a  10-  by  lQ-ft  test 
ueotlon  wns  constructs,  and  various  soils  were  placed  In  the  section  as 
testing  progressed.  To  assure  airflow  parallel  with  the  soil  surface,  a 

^lector  was  constructed  and  placed  on  the  edge  of  the  teat  section 
to  makethedowcblaat  air  flow  horisontaUy.  A  hot-wire  anemometer  was 
the  the  trailing  edge  of  the  deflecting  surface  to 

th®  ysloci  .y  of  the  air  passing  over  the  soil  surface 
'fl®6  "S*  “j*  ®h*  »oil»  used  in  the  test  sections  were  dry  ooncrete  sand 


"a  .  Die  line  particles  Of  m.j  rwKuw  tron  TUM  inrmwi;  in^t 

5oo5f»I ?T±l  I*?!  Tfr#  ?fBjrVdd  t?  ®°vln»  *lon«  tb*  ■urfeee  at  about 
velocity  J  these  particles  become  airborne  at  a  velocity  of 

L“u  j.1:®?  particles  of  dry  sand,  ranging  between about 

t’J  along  the  surface  at  an  air  vsloe- 

.  ty  of  approximately  *300  fpnu  Tests  made  on  a  wet  sand  showed  initial 

322"SJv^«2!i!IPJ1!Jr,i*t  appr°xteRtcly  3800  fpro,  Teits  made  on  the 
iflnn  ■  t*  movement  of  dust  particles  at  approximately 

_ 

pilot  visibility  «nd  aircraft  operation. -  • - 


it" — ” 


-.“3 


Site  of  protected  area  .  _ _ _  _ 

.  ..  -37*  .In  this  series  of  tests,  methods  of  surface  protection  were 
studied  which  would  decrease  the  dust-cloud  formation  sufficiently  to  elim¬ 
inate  occurrence  of  detrimental  conditions  during  landing  and  takeoff  oper¬ 
ations.  The  teat  area  was  otherwise  prepared  by  placing  fine  sand  in  the 
10-  by  10-rt  test  section.  The  two-  and  three-bladed  6b- in. -d lam  pro¬ 
pellers  were  set  at  various  distances  from  the  test  section  at  heights  up 

1?,™  the  ground  surface  which  was  covered  with  membrane  material. 

The  disc  loading  was  maintained  ut  5.1  lb  per  sq  ft. 


/M  m**  .  that  an  atm  30  to  40ttL  in; 

dlNUbtr  (6  to  8  times  propeller  diameter)  would  have  to  be  oovarad  to 
provlda  full  protection  from  down wash.  Such  an  area  would  be  excessive 
Xotitht  lirgtr  h«lioopt#rt. In  ordir  to  study  the  possibility  of  di« 
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creating  the  area  requiring  protection  during  the  landing  and  takeoff  of 
helicopters*  teats  were  Bade  ueing  deflector#  on  the  outer  edge  of  the 
protected  area*  Hit  deflectors*  placed  on  tha  front  edge  (toward  the  pro¬ 
peller)  of  the  teat  aection,  were  6in.  high  and  eloped  30*  60.  and  90  dea 
from  tha  horizontal  (aea  fig.  9),  fre  60-in.-diam  propeller  was  placed 
adjacent  to  the  test  section  at  a  distance  of  l/2  rotor  radlue  Strom  the 
deflector  and  operated  at  disc  loadings  of  5*1  and  7.6*>  lb  per  sq  ft  to 
determine  the  effectiveness  of  the  deflectors  In  reducing  the  areal  ex^ 
tent  of  ground  cover  required  to  provide  protection  against  soil  erosion 
and  dust »c loud  formation.  Results  indicated  that  the  ground  area  re¬ 
quiring  protection  beneath  the  60-in.-dl«ffl  propellers  can  be  reduced 
about  ?0  percent  (i.e.  from  about  30  to  kO  ft  to  about  15  to  20  ft  in 
diameter)  by  the  use  of  a  6-in.  vertical  (90  deg)  deflector. 


Soil  stabilization 


39*  Pua V  alleviation  by  means  of  soil  stabilization  wag  investigated. 

*\n  8-  by  10- ft  teat  area  was  divided  into  four  see t ions,  each  k  by  /  ft. 

Two  sections  were  filled  I»  in.  deep  with  sand  of  medium  grain  size,  one 
section  with  a  fine  dune  sand,  and  one  wtth  pulverized  lean  clay.  Approxi- 

polyeater-Jeftin-per--@qu&ve-4‘oot-of-  ar&a— w«9-i>oured-onto — - - - - 

one  of  the  medium  sand  sections!  it  penetrated  the  sand  to  a  depth  of 

about  1/8  in.  Like  amounts  of  a  mixture  of  polyester  resin  and  chopped 

fiber  glass  were  sprayed  on  the  other  medium  sand  Motion  and  the  lean  , 

clay  section,  and  penetrated  to  depths  of  about  l/8  and  l/lfiin., 

respectively.  The  dune  sand  was  pulvimixod  with  approximately  0.13  lb 

per  sq  ft  of  aniline- furfural  to  a  depth  of  about  i/2  in.  Pig.  10  shows 

the  stabilized  sections  ao  they  appeared  before  the  downwash  blast  teste. 

The  crack  in  the  surface  of  section  4  in  fig.  10  wae  caused  by  the  shrink-  „ 

age  of  the  polyeater  reain  upon  curing,  The  fiber  glass  prevented  such 
cracking  in  sections  1  and  3«  The  stabilized  sections  were  subjected  to 
downwash  bleat  of  the  60-in.-4iam  propallar  at  a  disc  loading  of  lO  lb  per — -  . — - 


Pig.  10.  Soil  stabilization  sections  before  test.  Section  1  is 
the  treated  lean  clay;  section  2  is  the  dune  sand;  sections  3 
and  (4  are  medium  sand  with  polyester  resin  and  fiber  glass, 
and  polyester  resin,  respectively 
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sq  ft  with  no  detrimental  effects  to  any  of  the  four  sections.  The  test 
sections  were  then  subjected  to  disc  loadings  up  to  145  lb  per.  sq  ft  from 
the  24-in.-dia.rn  ducted  fan.  No  damage  occurred  to  the  polyester  sections ; 
however,  an  area  of  the  aniline- furfural  section  (section  2)  failed  at  a 
disc  loading  of  about  110  lb  per  sq  ft.  Failure  was  caused  by  the  shrink¬ 
age  cracks  (see  fig.  10),  which  allowed  the  downwash  blast  to  get  under¬ 
neath  the  stabilized  surface.  Fig.  11  shows  the  test  area  after  testing. 


PART  V:  SUMMARY  OF  RESULTS,  CONCLUSIONS,  AND  RECOMMENDATIONS 


Summary  of  Results 


Prototype  tests 

40.  Data  obtained  during  the  Fort  Rucker  and  WES  prototype  tests 
appeared  to  be  erratic  in  that  the  velocity  readings  varied  constantly  as 
the  helicopter  hovered  or  landed,  and  the  data  also  varied  during  the 
several  repeat  tests.  A  large  part  of  this  variation  of  data  is  attrib¬ 
uted  to  the  instrumentation  used.  The  prototype  data  were  obtained  early 
in  the  study  when  velocity  and  pressure  pickups  were  rather  crude;  refine¬ 
ments  of  these  instruments  were  used  in  the  later,  small-scale  tests  and 
not  only  decreased  this  variation  but  indicated  the  same  results  for  re¬ 
peated,  similar  tests .  It  is  believed  that  the  prototype  data  obtained 
define  fairly  accurately  the  maximum  velocities  produced  by  the  various 
helicopters  and  velocity  profile  variations  both  with  height  above  the 
ground  surface  a,nd  distance  from  the  rotor  center  line.  However,  suf¬ 
ficient  data  were  not  obtained  in  the  boundary  layer  (below  6  in.)  to 
definitely  define  the  velocity  profile  in  this  critical  area.  It  was 
noted  during  the  study  that  maximum  surface  velocities  were  greatest  at 
a  distance  of  about  one  rotor  diameter  from  the  rotor  center  (horizontally) 
in  both  model-  and  full-scale  studies.  Since  this  is  the  area  where  dust- 
cloud  formation  will  be  initiated  as  an  aircraft  approaches  for  landing 
or  increases  power  for  takeoff,  more  measurements  are  needed  in  this  area 
than  in  others  to  define  the  phenomena. 


Model  tests 

kl.  Model  studies  comprised  not  only  boundary- layer  and  velocity- 
profile  studies  (as  did  the  prototype  studies),  but  also  studies  of  soil- 
particle  movement,  size  of  area  requiring  protection,  and  effectiveness  of 
soil  stabilizers,  boundary-layer  and  velocity -profile  studies  were  made  to 
attempt  correlation  with  prototype  test  results;  however,  it  was  quickly 
seen  that  prototype  test  conditions  could  not  be  controlled  as  accurately 
as  model  test  conditions  or  results  measured  as  accurately.  Thus,  no  sat¬ 
isfactory  comparisons  could  be  made.  Test  data  were  then  obtained  on  the 
20-,  24-,  and  60-in.-diam  propellers  and  an  attempt  made  to  correlate  these 
data,  and  through  an  extension  of  this  procedure  to  predict  prototype  re¬ 
sults.  As  is  seen  in  plate  6,  this  approach  to  the  correlation  study  pro¬ 
duced  results  which  appear  favorable;  however,  the  limited. data  available 
at  this  time  for  both  model  and  prototype  do  not  allow  definite  conclusions 
to  be  drawn.  Data  presented  in  plate  7  and  discussed  in  paragraph  31  indi¬ 
cate  that  boundary -layer  velocity  varies  with  disc  loading  and  vertical 
height.  Equations  developed  tor  these  two  small-scale  conditions  compare 


31 


favorably  with  ocher  similar  small-scale  data  (plate  8),  but  sufficient 
data  from  larger  diameter  nr  prototype  propellers,  are  not  available  for 
comparison. 

42.  boil  particle  movr-m.  11L  studies  indicated  that  dust-hazard  con¬ 
ditions  would  develop  if  boundary- layer  velocities  exceed  1200  fpm  over 
dry  fine  sand  and  1800  fpm  over  dust-size  particles  of  lean  clay.  Thus, 
ground  protection  would  be  required  over  an  area  where  these  velocities 
were  exceeded. 

43.  As  mentioned  earlier,  the  correlation  of  model  and  prototype 
data  yielded  little  information,  mainly  because  of  the  inability  to  con¬ 
trol  exact  height  and  distance  of  the  prototype  aircraft  from  instruments 
during  the  tests.  Also  the  presence  of  wind  during  prototype  testing 
caused  the  data  obtained  to  be  inaccurate.  The  correlation  of  results 

of  tests  of  the  small  and  large  propellers  appears  to  yield  usable  values 
although  the  available  data  are  limited.  Additional  data  are  needed  on 
larger  model  blades  and  more  exactly  positioned  prototype  aircraft  to  . 
accurately  define  model-prototype,  relations. 


Conclusions 


44 .  Based  on  results  obtained  in  this  investigation,  the  following 
conclusions  are  believed  warranted; 

a.  The  downwash  velocities  along  the  ground  surface  cause 
soil-particle  pickup,  and  dust-hazard  conditions  will  de¬ 
velop  if  these  velocities  exceed  1200  fpm  over  fine  dry 
sand  and  1800  fpm  over  dust- size  particles  of.  lean  clay. 

_  _ _  b.  Lightweight  ground  covers  (membrane)  can  alleviate  dust  in 

the  landing  and  takeoff  area  of  helicopters. 

c.  A  vertical  lip. around  the  edge  of  the  membrane  will  reduce 
the  size  of  membrane  section  needed. 

d.  Certain  of  the  soil  stabilizers  tested  will  alleviate  dust 
under  VTOL  aircraft. 

e.  Tests  to  correlate  model  and  prototype  data  indicated  the 
need  for  more  accurate  measurement  of  prototype  data  for 
each  aircraft  in  order  to  analyze  completely  the  various 
parameters  involved  in  scaling  and  to  establish  those  of 
paramount  importance  so  that  small-scale  test  results  can 
be  used  to  predict  prototype  blast  effects. 
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Recommendati  ons 


'^•5*  In  view  of  the  findings  presented  in  this  report,  iL  is  recom¬ 
mended  that  tne  correlation  study  be  continued.  Additional  tests  should 
be  conducted  with  larger  diameter  model,  propellers  and  with  prototype 
aircraft  under  rigidly  controlled  conditions  of  position  and  weight  in 
order  to  establish  inodel-to-protot.ype  prediction  curves  or  equations,  or 
both.  Soil  movement  studies  should  be  continued  to  determine  the  factors 
involved  in  initial  soil-particle  pickup  and  the  velocities  that  cause 
pickup  of  various  soils  in  order  to  predict  the  area  protection  required 
for  various  helicopters . 
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II  SUPPLEMENTARY  NOTES 

1!  SPONSOR1NO  MILITARY  ACTIVITY 

U.  f>.  Army  Transportation  Research  Command 

Mobility  Command ,  AMC 

Ft.  Eustis,  Virginia 

13  ABSTRACT  j 

Field  testa  were  conducted  with  operational  helicopters  c.t  Fort  Rucker, ■  Ala, ,  and 
at  the  Waterways  Experiment  Station  to  determine  downwash  velo'  ' ty  profiles.  In  '*' 
addition,  tests  utilizing  scale-model  rotor  blades  were  made  at  the  WES  over  wet 
and  dry  sands  and  a  dry  lean  clay,  and  over  a  chemically,  stabilized  soil, 
plastic -impregnated  soils,  and  lightweight  ground  covers  (membranes)-  to  determine 
model-scale  velocity  profiles  and  air  velocities  at  the  ground1 surface  required 
to  dislodge  and  move  particles  of  various  types  of  soil,  the  size  of  soil  area 
requiring  protection  for  various  VTOL  aircraft,  and  the  effectiveness  of  mem¬ 
branes  and  aoil  stabilization  in  preventing  dust-cloud  formation.  It  was  con¬ 
cluded  that  ta)  the  downwash  velocities  along  the  ground  surface  cause  soil- 
particle  pi  tkup,  and  dust  hazard  conditions  will  develop  if  these  velocities  ex¬ 
ceed  1200  f  pm  over  fine  dry  Gand  and  1800  fpm  over  dust-size  particles  of  lean 
°layj  (b)  lightweight  ground  covers  can  alleviate  dust  in  the  landing  and  takeoff 
area  oi  helicopters,  and  a  vertical  lip  around  the  edge  of  the  membrane  will  re¬ 
duce  the  size  of  membrane  section  needed;  -(c)  certain  soil  stabilizers  tested 
will  alleviate  dust  formation  under  rotary-wing  aircraft;  and  (d)  there  is  need 
lor  more  accurate  measurement  of  prototype  data  for  each  aircraft  in  order  to 
analyze  completely  the  various  parameters  involved  in  scaling  and  to  establish 
those  of  paramount  importance  sc-  that  small-scale  tests  can  be  used  to  predict 
downwash  blast  effects  of  full-scale  aircraft. 
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